B a c kg ro u n d Short sleeping hours could cause obesity through increased sympathetic activity, elevated cortisol secretion and decreased glucose tolerance.The aim of this study was to clarify parental and lifestyle factors, particularly sleeping habits, associated with obesity in Japanese children. M e t h od s Between June and July 1996, 8274 children (4194 males and 4080 females) aged 6-7 years living in Toyama prefecture, Japan, were investigated by questionnaire survey and the collection of anthropometric data. Subjects with a body mass index (BMI; weight in kg divided by square of height in m) greater than the age-and sex-specific cut-off points linked to adulthood overweight (BMI of 25 kg/m 2 or more) were defined as obese subjects. Parental obesity was defined as a BMI of 25 kg/m 2 or more. Logistic regression analysis was performed to evaluate the strength of the relationships between parental obesity or lifestyle factors and childhood obesity, adjusted for possible confounding factors. R e s u l t s Parental obesity, long hours of TV watching and physical inactivity were significantly associated with childhood obesity. Although wake-up time was not related to obesity, there was a significant dose-response relationship between late bedtime or short sleeping hours and childhood obesity. Compared with children with 10 or more hours of sleep, the adjusted odds ratio was 1.49 (95% confidence interval 1.08-2.14) for those with 9-10 h sleep, 1.89 (1.34-2.73) for those with 8-9 h sleep and 2.87 (1.61-5.05) for those with <8 h sleep, after adjustment for age, sex, parental obesity and other lifestyle factors. C o n c l u s i o n A strong inverse association was observed in the relationship between sleeping hours and childhood obesity. Longitudinal research will be required to confirm this causality.
Introduction
Long-term follow-up studies have revealed a significant association between childhood obesity and subsequent morbidity and mortality (Mossberg 1989; Must et al. 1992) . High prevalences for hypertension (Shear et al. 1987) , hyperlipidaemia (Freedman et al. 1989 ) and impaired glucose tolerance and hyperinsulinaemia (Bao et al. 1996) have been reported in obese children. Furthermore, more than 40% of obese children continue to be obese in adulthood (Mossberg 1989) . However, obesity in adults is difficult to treat (NIH Technology Assessment Conference Panel 1993) . Therefore, the prevention of obesity in childhood is desirable.
The increase in childhood obesity is a major public health concern in developed countries (Troiano et al. 1995; Murata 1998 ). The causes of childhood obesity may be divided into genetic, such as parental obesity (Whitaker et al. 1997) , and lifestyle factors, such as sedentary behaviour and a high intake of fatty foods (Guillaume et al. 1997; Anderson et al. 1998; Maffeis et al. 1998; Berkey et al. 2000) . Because of the increased prevalence of childhood obesity within a short period of time, many researchers have focused on lifestyle factors in the development of obesity.
Currently, the sleeping hours of Japanese children are showing a decrease, because they spend more time watching TV and playing video games and also studying at home and at cramming schools (Hirayama et al. 1998) . Surprisingly, ª40% of school-children feel sleepy in the daytime, and the rate is increasing (Hirayama et al. 1998) .
To our knowledge, two cross-sectional studies have mentioned the relationship between short sleeping hours and obesity. One study comprised 1031 French children aged 5 years (Locard et al. 1992) . This study indicated that children taking <11 h sleep were significantly more obese, with an adjusted odds ratio (OR) of 1.4 (95% confidence interval 1.1-1.9), compared with children taking 11 h sleep or more. Another study comprised 1772 Spanish subjects aged 15 years or more (Vioque et al. 2000) . Compared with subjects taking 6 h sleep or less, the adjusted OR for obesity for those taking 9 h sleep or more was 0.43 (0.27-0.67). In these papers, the relationship remained significant after adjustment for TV watching and physical activity.
We are currently conducting a birth cohort study comprising > 10 000 children (Yamagami et al. 1992; Kagamimori et al. 1999) . The study allows us to evaluate the relationship between sleeping hours and obesity and has considerable advantages in terms of subject number and statistical power. In this study, we present the relationship between parental or lifestyle factors and obesity with special reference to short sleeping hours as a possible risk factor for obesity.
Methods

Subjects
The subjects included in the study were all born in a 1-year period between 2 April 1989 and 1 April 1990. The total population of the present study consisted of 10 400 children. All the study subjects were 6-7 years old and were first grade in elementary school. A questionnaire was distributed through their elementary schools in June and July 1996. Of those who received a questionnaire, 10 175 children (97.8%) responded, and anthropometric data were available for 9482 respondents. The following respondents were excluded from the analysis: those whose parental anthropometric data were not reported (668 subjects); those who did not answer one or more questions concerning TV watching, physical activity, eating habits and sleeping habits (540 subjects). The remaining 8274 subjects (79.6% of the total population, 4194 males and 4080 females) represent the study population.
Questionnaire survey
The questionnaire was filled in by parents and consisted of the following items. Physical activity compared with peers was evaluated as one of four levels: less than, the same as, more than and much more than peers. TV watching, reported as average hours per school day in the evening, was categorized into four groups ranging from <1 h to 3 h or more. Frequency of taking breakfast: rarely, sometimes, almost daily and daily. Frequency of taking a snack (any food in addition to regular meals, at any time of day): rarely, one in 2 or 3 days, one a day, two or more a day. Sleeping habits: wake-up time before 06.00, 06.00-07.00, 07.00-08.00 and after 08.00; bedtime before 21.00, 21.00-22.00, 22.00-23.00 and after 23.00; sleeping hours: <8, 8-9, 9-10 and 10 h or more. The questionnaire was pretested and checked for the reproducibility of lifestyle variables at an interval of 3 months (Yoshimura et al. 1995) . The proportions of agreement ranged from 0.50 to 0.83. Kappa coefficients ranged from 0.48 to 0.64. Thus, the questionnaire was considered to have moderate to high reproducibility.
Anthropometric measurements and definition of obesity
Anthropometric measurements of children were undertaken in elementary schools by trained school nurses, according to the protocol of School Health Law. The heights and weights of children were measured in their shorts. Height was measured to the nearest 0.1 cm, using a stadiometer. Weight was measured to the nearest 0.1 kg, using a weighing scale. The stadiometer was checked for accuracy, and the weighing scale was calibrated before the examination. The heights and weights of parents were self-reported in the questionnaire.
We used body mass index (BMI; weight in kg divided by square of height in m) as the index of obesity in childhood. Although there is no established BMI cut-off point for childhood obesity, age-and sex-specific cut-off points linked to adult cut-off points have been proposed recently (Cole et al. 2000) . Then, the age-and sex-specific cut-off points linked to an adult overweight of 25 kg/m 2 or more were used to determine childhood obesity. Parental obesity was defined as a BMI of 25 kg/m 2 or more based on WHO criteria ( World Health Organization 1997).
Statistical analysis
We assessed the differences in age, sex, BMI and lifestyle variables between the present study subjects and those excluded from the present analysis. The unpaired t-test was used to compare the difference in age of children and child and parental BMI between the two groups. The chi-squared test was used to compare the difference in sex and lifestyle variables between the two groups.
Logistic regression analysis was performed to evaluate the strength of the relationship between parental obesity or lifestyles and childhood obesity. Univariate logistic regression analysis was performed separately by gender. In multivariate analysis, age, sex and parental obesity were adjusted for. To control potential confounding factors for the relationship between short sleeping hours and obesity, we also evaluated the relationship between short sleeping hours and obesity after adjustment for age, sex, parental obesity and other lifestyle variables other than the variables bedtime and wake-up time. Because the variable sleeping hours was not independent of the variables bedtime and wake-up time, the variables bedtime and wake-up time were not entered into the model. The odds ratio for childhood obesity in the category of lifestyles was calculated independently with dummy variables for the reference category. A P-value for a linear trend was calculated for three or four categories of each lifestyle variable.
Statistical analyses were performed by PROC TTEST, PROC FREQ and PROC LOGISTIC in the SAS program (SAS Institute Inc. 1996). Two-tailed P-values of < 0.05 were considered to be significant.
Results
There were no significant differences in age, parental BMI and lifestyle variables between the present study subjects and those excluded from the present analysis. Although the BMI of included female children was significantly higher than that of those excluded, the difference was small [mean (SD): 15.6 (1.85) and 15.4 (1.68), P = 0.022 respectively]. There was no significant difference between the BMI of included and excluded male children [15.8 (1.90) and 15.7 (1.90), P = 0.355 respectively].
The relationships between parental obesity or lifestyle variables and childhood obesity are presented in Table 1 . Parental obesity, physical inactivity and long TV watching were significantly associated with childhood obesity. When compared with children taking breakfast daily, those who sometimes took breakfast were linked with obesity in females. Male children taking a snack at a In multivariate analysis, ORs were adjusted for age, sex and paternal and maternal obesity.
frequency of one in 2 or 3 days were associated with obesity in comparison with those rarely taking a snack. There was a significant dose-response relationship between late bedtime or short sleeping hours and obesity, whereas wake-up time was not significantly related to obesity. Table 2 presents the relationship between short sleeping hours and obesity after adjustment for potential confounding factors. The dose-response relationship between short sleeping hours and obesity remained significant, although the gradient of the strength of the relationship was reduced slightly. In the model, for children with 10 or more hours of sleep, the adjusted odds ratio was 1.49 (1.08-2.14) for those with 9-10 h sleep, 1.89 (1.34-2.73) for those with 8-9 h sleep and 2.87 (1.61-5.05) for those with <8 h sleep. Although, age and sex are known to have the potential to interact with several variables affecting childhood obesity (Moore et al. 1995; Berkey et al. 2000) , multiplicative interactions between age, sex and all other lifestyle variables did not add to the relationship between lifestyles and obesity in the model. The Hosmer-Lemeshow tests (Hosmer and Lemeshow 1989) validated the fit of the model.
Discussion
Many previous studies have reported that parental obesity, long TV watching and physical inactivity are associated with childhood obesity (Guillaume et al. 1997; Whitaker et al. 1997; Anderson et al. 1998; Maffeis et al. 1998; Berkey et al. 2000) . Our results are consistent with these studies; we found that parental obesity, physical activity, long TV watching were associated with childhood obesity. Furthermore, in agreement with two previous studies (Locard et al. 1992; Vioque et al. 2000) , we found that short sleeping hours were related to obesity. In our study, this relationship remained significant after adjustment for age, sex, maternal and paternal obesity, physical activity, TV watching, frequency of taking breakfast and frequency of taking a snack.
Biological plausibility of the relationship between short sleeping hours and obesity
From the point of view of energy expenditure, it may be difficult to explain the relationship between short sleeping hours and obesity. Because short sleepers have a longer time awake than long sleepers, the energy expenditure of children taking a short sleep may be expected to be higher than that of children taking a long sleep. Moreover, even at night time, fragmented and short sleep causes significantly higher energy expenditure than normal sleep ( Bonnet et al. 1991) . Alternatively, there is a possibility that the overall energy expenditure per day of children taking a short sleep is lower than those of children taking a long sleep, because restricted sleeping may lead to daytime sleepiness, somatic and cognitive problems and decreased physical activity (Dinges et al. 1997 ). However, we Table 2 . The relationship between short sleeping hours and obesity after adjustment for potential confounding factors The adjusted ORs for both sexes combined. ORs were adjusted for age, sex, parental obesity, physical activity,TV watching, frequency of taking breakfast and frequency of taking a snack.
found that the relationship between short sleeping hours and obesity remained significant after adjustment for physical activity. Recent sleep studies have demonstrated that short sleeping hours may lead to significant changes in the structure of the sleep stages identified by electroencephalogram (EEG) (Brunner et al. 1993; Spiegel et al. 1999) and changes in several hormones secreted during the night (Sheen et al. 1996; Spiegel et al. 1999) . Nocturnal growth hormone (GH) secretion is dependent on sleep and is markedly secreted during the first half of the night (Sheen et al. 1996) . In the absence of sleep, GH secretion is markedly decreased (Sheen et al. 1996) . GH is an anabolic hormone that is essential for maintaining lipolysis during the night (Boyle et al. 1992 ). Therefore, short sleeping hours may theoretically lead to weight gain, resulting from a decrease in nocturnal GH secretion. Actually, serum GH concentrations in obese children are lower than those in normal children (Radetti et al. 1998) . In addition, GHdeficient children demonstrate a typical central distribution of body fat, which is improved by treatment with exogenous GH (Collip et al. 1973; Rosenbaum et al. 1989) .
In contrast, serum cortisol concentration in the evening is increased in subjects taking short sleeping hours . Cortisol has a lipogenic property, which may lead to weight gain in short sleepers. Furthermore, sleep restriction causes a significant increase in sympathetic nerve activity and a slow response in insulin secretion after intravenous glucose injection . These pathophysiological changes are considered to be risk factors in the development of insulin resistance, obesity and hypertension (Reaven et al. 1996) .
However, there is a lack of studies relating to hormone secretion in children with short sleeping hours. Further laboratory research will be required to confirm the biological basis of the relationship.
Methodological limitations
It should be noted that our study has several limitations. First, sleeping habits reported by parents were used in the analysis. Because parents may report times for going to bed and rising rather than times for going to sleep and waking, reported sleeping hours may be longer than accurate sleeping hours assessed by EEG. However, the difference between time spent asleep and total recording period (the time from the start of recording at lights out until the end of the recording at rising) on EEG is small, ª30 min in school-children (Coble et al. 1984) . Furthermore, the relationship between short sleeping hours and obesity may remain unchanged, because reported sleeping hours may be uniformly overestimated. Secondly, the distribution of physical activity was unexpectedly skewed, with the majority of children reported to do more activity than their peers. It is therefore possible that the activity variable is not fully adjusting for physical activity, and that some confounding of the relationship between obesity and short sleeping hours remains. The relationship may also be confounded by energy intake, which we did not measure in this study. Thirdly, obesity in children is sometimes accompanied by psychiatric and somatic problems, including obstructive sleep apnoea syndrome (OSAS) (Sheslow et al. 1993; Braet and Mervielde 1997) that could lead to sleep disturbances. However, the prevalence of OSAS in children is estimated to be 1-3% at a peak age of 2-5 years, and the main cause of OSAS in children is adenotonsillor hypertrophy (Rosen 1996) . The confounding effects of OSAS on the relationship are therefore likely to be small. Fourthly, socio-economic status (SES), which is a known risk factor for obesity (Gnavi et al. 2000) , was not evaluated in the present study, because this item was not included in our questionnaire. Diminished sleeping hours are sometimes observed and may be a possible mediator for poor adult health in low SES . The relationship between sleeping hours and obesity may therefore be partly explained by the confounding effect of SES on obesity.
In summary, parental obesity, long hours of TV watching and physical inactivity were associated with obesity in Japanese children. In addition, there was a dose-response relationship between short sleeping hours and obesity. Because the detailed biological background is not clear and this study cannot determine the causality, further laboratory and longitudinal studies will be required to confirm this relationship.
